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(54) Apparatus for determining degree of fatigue of human body 



(57) Disclosed is an apparatus for determining a de- 
gree of fatigue of a human body, comprising: two pairs 
of electrodes; an electric current source; a voltage 
measuring unit; an arithmetic unit; a storage unit; and a 
display unit. The two pairs of electrodes are configured 
to contact with a body of a person under test. The elec- 
tric current source feeds a measurement current via se- 
lected ones of said electrodes. The voltage measuring 
unit measures a voltage between another selected ones 



of said electrodes. The storage unit stores a bioelectrical 
impedance calculated by said arithmetic unit and a ref- 
erence value. The arithmetic unit calculates the bioelec- 
trical impedance based on the measurement value from 
said voltage measuring unit and a degree of fatigue of 
the person undertest by comparing the currently meas- 
ured value of the bioelectrical impedance with the refer- 
ence value of the bioelectrical impedance stored in the 
storage unit. The display unit indicates the degree of fa- 
tigue of the person under test. 
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Description 

BACKGROUND OF THE INVENTION: 
Field of the Invention: 

[0001] The present invention relates to an apparatus 
for determining a degree of fatigue of a human body. 

Description of the Prior Art: 

[0002] In general a swelling can frequently be seen 
on the leg, and in particular, on the calf of a person when 
it becomes fatigued in case where the person works 
while standing for longer period of time, for instance. 
Such swelling is caused by the reason that a body water 
or a lymphatic fluid is congested, not smoothly returned 
to the main body part of the person, under the effect of 
the gravity. The same swelling can also be seen when 
the person works while sitting down or the person sits 
with his legs crossed for longer period of time. In the 
latter case, bending the legs of the person for longer 
period of time makes reduced flow of blood and lym- 
phatic fluid at an articulation part of the body, and then, 
the body water or lymphatic fluid can not smoothly be 
returned to the main body part. In such manner the 
swelling can occurs with the fatigue when the person 
works while keeping the same posture for longer period 
of time. In any case the gravity is the essential factor 
that can makes the body water congested. Therefore it 
can generally be said that the swelling occurs more or 
less for every person during the time of a day that the 
person get out of the bed, and the swelling gradually 
accumulates. 

[0003] Although the swelling can occur for every per- 
son, it is normally restored by the next day. This is due 
to the fact that the body water becomes spread to the 
whole body of the person while he is sleeping or lying 
in the bed. 

[0004] Such swelling starts to occur at the time the 
person gets up in the morning and gradually accumu- 
lates to reach the maximum at a certain time instance. 
Such swelling, however, starts to restore after the per- 
son goes to bed and is completely restored to substan- 
tially same level as that when the person got up in the 
morning of the previous day. The degree of swelling is 
changed depending on the activity of the person in a 
day, and it is not uniform, but different for each of the 
persons. In addition the sensitivity to the swelling is var- 
ies for each of the persons. 

[0005] Therefore it may happen that in spite of a swell- 
ing not restored and a fatigue left accumulated on the 
next day a person does not feel such swelling so that 
the he forcibly continues to work, with the result that his 
health is injured. Alternatively there may be such case 
where a person feels a swelling on his leg, but he takes 
an optimistic view of restoration of the swelling on the 
next day, with the result that he loses sight of a symptom 



of a critical disease. 

[0006] In order to obviate such possibility it is pre- 
ferred to have an apparatus for objectively determining 
a degree of fatigue of a person. Unfortunately none of 
5 such apparatus has been available in the prior art. 

SUMMARY OF THE INVENTION: 

[0007] In view of the above it is an object of the 
10 present invention is to provide an apparatus for simply 
determining a degree of fatigue of each of persons. 
[0008] In order to attain such objectthe present inven- 
tion provides an apparatus for determining a degree of 
fatigue of a human body, comprising: two pairs of elec- 
ts trodes; an electric current source; a voltage measuring 
unit; an arithmetic unit; a storage unit; and a display unit, 

whereby said two pairs of electrodes are configured 
to contact with a body of a person under test; 
20 said electric current source feeds a measurement 
current via selected ones of said electrodes; 
said voltage measuring unit measures a voltage be- 
tween another selected ones of said electrodes; 
said storage unit stores a bioelectrical impedance 
25 calculated by said arithmetic unit and a reference 
value; 

said arithmetic unit calculates the bioelectrical im- 
pedance based on the measurement value from 
said voltage measuring unit and a degree of fatigue 
30 of the person under test by comparing the currently 
measured value of the bioelectrical impedance with 
the reference value of the bioelectrical impedance 
stored in the storage unit; and 
said display unit indicates the degree of fatigue of 
35 the person under test. 

[0009] According to one embodiment of the present 
invention, said display unit graphically indicates the 
transition of change in degree of fatigue. 
40 [0010] According to another embodiment of the 
present invention, the graph displayed on said display 
unit represents the transition of change in degree of fa- 
tigue on the basis of the bioelectrical impedance as 
measured in the morning. 
45 [0011] According to further embodiment of the 
present invention, the graph displayed on said display 
unit represents the transition of change in degree of fa- 
tigue on the basis of the bioelectrical impedance as 
measured in the evening or night. 
50 [0012] According to yet further embodiment of the 
present invention, said reference value of bioelectrical 
impedance is set before a certain action is carried out 
by a person under test, and said display unit indicates 
the degree of fatigue before and after such action by 
55 comparing the currently measured value of the bioelec- 
trical impedance with the reference value of the bioelec- 
trical impedance stored in the storage unit. 
[0013] According to another aspect of the present in- 
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vention. there is provided an apparatus for determining 
a degree of fatigue based on the swelling of a human 
body, comprising: two pairs of electrodes; an electric 
current source; a voltage measuring unit; an arithmetic 
unit; a storage unit; and a display unit, 5 

whereby said two pairs of electrodes are configured 
to contact with a body of a person under test; 
said electric current source feeds a measurement 
current via selected ones of said electrodes; 10 
said voltage measuring unit measures a voltage be- 
tween another selected ones of said electrodes; 
said storage unit stores a bioelectrical impedance 
calculated by said arithmetic unit and a reference 
value; 15 
said arithmetic unit calculates the bioelectrical im- 
pedance based on the measurement value from 
said voltage measuring unit and a degree of swell- 
ing of the person under test by comparing the cur- 
rently measured value of the bioelectrical imped- 20 
ance with the reference value of the bioelectrical im- 
pedance stored in the storage unit; and 
said display unit indicates a degree of swelling of 
the person under test. 

25 

[0014] According to one embodiment of the present 
invention, said display unit graphically indicates the 
transition of change in degree of swelling. 
[0015] According to another embodiment of the 
present invention, the graph displayed on said display 30 
unit represents the transition of change in degree of 
swelling on the basis of the bioelectrical impedance as 
measured in the morning. 

[0016] According to further embodiment of the 
present invention, the graph displayed on said display 35 
unit represents the transition of change in degree of 
swelling on the basis of the bioelectrical impedance as 
measured in the evening or night. 
[0017] According to yet further embodiment of the 
present invention, said reference value of bioelectrical 40 
impedance is set before a certain action is carried out 
by a person under test, and said display unit indicates 
the degree of swelling before and after such action by 
comparing the currently measured value of the bioelec- 
trical impedance with the reference value of the bioelec- 45 
trical impedance stored in the storage unit. 
[0018] According to yet further embodiment of the 
present invention, said reference value of the bioelec- 
trical impedance represents an average change in 
amount of interstitial fluid that is the difference between 50 
average values for a plurality of measurements in every 
morning and in every night. 

[0019] According to yet further embodiment of the 
present invention, said average change in amount of in- 
terstitial fluid is updated every time when the bioelectri- 55 
cal impedance is measured. 

[0020] According to yet further embodiment of the 
present invention, said electric current source selective- 
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ly feeds the measurement current having a plurality of 
frequencies. 

[0021] According to yet further embodiment of the 
present invention, said electric current source feeds the 
measurement current having a single frequency. 
[0022] According to yet further embodiment of the 
present invention, said two pairs of electrodes are con- 
figured to contact with both soles of the person under 
test. 

[0023] According to yet further embodiment of the 
present invention, said two pairs of electrodes are con- 
figured to contact with a calf of the person under test. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0024] Now the present invention will be described in 
more detail with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a view representing an electrically equiva- 
lent circuit of a cell in a tissue of a human body; 
Fig. 2 is a graphical representation of a bioelectrical 
vector impedance locus of a human body for ex- 
plaining a bioelectrical impedance measurement 
used in the present invention; 
Fig. 3 is a graphical representation illustrating a re- 
lation between a point of characteristic frequency 
and points of zero and infinite frequencies; 
Figs. 4 (a) and 4(b) are a model illustrating a change 
in swelling in a human body; 
Fig. 5 is an external overview illustrating an appa- 
ratus for determining a degree of fatigue of a human 
body according to one embodiment of the present 
invention; 

Fig. 6 is a block diagram illustrating principal com- 
ponents of the apparatus for determining the de- 
gree of fatigue in Fig. 5; 

Fig. 7 is an enlarged view illustrating a measuring 
instrument display unit of the apparatus for deter- 
mining the degree of fatigue in Fig. 5; 
Fig. 8 is an elevation view illustrating a controller 
box of the apparatus for determining the degree of 
fatigue in Fig. 5; 

Fig. 9 is an enlarged view illustrating main elements 
of an LCD display unit of the apparatus for deter- 
mining the degree of fatigue in Fig. 5; 
Fig. 10 is a flow chart illustrating the measuring 
steps in the apparatus for determining the degree 
of fatigue in Fig. 5; 

Figs. 11(a), 11(b) and 11(c) are a view illustrating 
the LCD display unit on which different types of data 
are displayed, byway of an example; 
Fig. 12 is an overview illustrating another embodi- 
ment of the present invention; and 
Fig. 13 is a flow chart illustrating measurement 
steps according to further embodiment of the 
present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

[0025] First the principle of the present invention will 
be described. According to the present invention a bio- 
electrical impedance is measured to detect a degree of 
swelling that results from the change in distribution of 
body water in a body of a person in response to his ac- 
tivity in every day. Then a degree of the swelling at that 
time and the tendency of the swelling over longer period 
of time are examined so that a degree of fatigue of the 
body is determined accordingly. Because of the differ- 
ence in swelling inherently present for each of the per- 
sons, as already described, it is not possible to deter- 
mine the degree of swelling simply by comparing with a 
fixed reference value. Therefore it is preferred that the 
standard level forthe swelling of the person is measured 
and stored as the reference in advance. Then, on the 
basis of such standard level, the degree of swelling at 
that time and the tendency of the swelling over longer 
period of time are determined. 

[0026] Because the exercise and the work of the per- 
son that is the living activity after the person gets up is 
one of the causes for the swelling the fatigue resulting 
from such living activity can be correlated with the de- 
gree of the swelling. Therefore the degree of swelling 
previously derived can be used for determining the de- 
gree of fatigue which is then displayed. 
[0027] According to the present invention the degree 
of swelling periodically occurred on a person in the daily 
life is detected, and it is compared to the reference value 
forthe person. The reference value is derived from the 
measurement data over a certain time interval because 
of the fluctuation in degree of swelling inherently present 
in the person. Then the degree of swelling of the person 
can objectively be determined. 

[0028] In addition on the basis of the measurements 
over a certain interval the condition of the body and the 
accumulation of fatigue during that interval can objec- 
tively be estimated to some degree. Now, an example 
case is considered where the measurement of swelling 
is performed at the time a person gets up in the morning 
and at the time he goes to bed or at a certain time in- 
stance in the night over a certain time interval. Thereaf- 
ter a change in degree of swelling therefor is examined. 
As described earlier the swelling is normally restored 
until the time the person gets up in the next morning. 
However it may happen that the swelling is not com- 
pletely restored, but the degree thereof gradually accu- 
mulates every time when the measurement is per- 
formed at the time a person gets up or he goes to bed 
or at a certain time instance in the night. In such case it 
is considered that the swelling is not restored within the 
living cycle of a day, but it gradually accumulates. In oth- 
er words the fatigue that is not restored within the living 
cycle of a day has accumulated. 
[0029] Then the method of measuring a bioelectrical 
impedance used in the present invention will be de- 



scribed. At first, reference will be made to a multi-fre- 
quency bioelectrical impedance measurement method 
using a plurality of frequencies. According to such 
measurement method, not only the bioelectrical imped- 

5 ance, but also an amount of body water, an amount of 
intra-cellular and extra-cellular water in the whole body 
as well as an amount of water, intra-cellular and extra- 
cellular water in a measured part of the body can be de- 
rived on the basis of a various living body parameters, 

10 intra-cellular and extra-cellular water resistance as well 
as cell membrane capacitance. 

[0030] An electrical impedance of a living body is typ- 
ically represented by a lumped constant equivalent cir- 
cuit comprising an extra-cellular water resistance Re, an 

15 intra-cellular water resistance Ri, and a cell membrane 
capacitance Cm, as shown in Fig. 1. Practically, plural 
cells making up the living body are respectively repre- 
sented by individual circuits having different constants 
due to their different shapes and characteristics. Thus, 

20 in the living body as an aggregation of such cells, its 
vector impedance locus does not show a half circle at 
variance with the case of measuring the lumped con- 
stant equivalent circuit, but shows a circular arc given 
in the Cole-Cole model. 

25 [0031] Thus, the electrical impedance of the living 
body is generally represented by a circular arc-like locus 
shown in Fig. 2. In Fig. 2, x-axis represents a resistance 
component of the impedance, while y-axis represents a 
reactance component of the impedance. Since the re- 

30 actance component of the bioelectrical impedance 
shows a negative value due to its capacitive property, 
the vector locus of the bioelectrical impedance is plotted 
on the underside of the real axis as shown in Fig. 2. 
[0032] Referring to Fig. 3, Ro, Rinf, and Zc respec- 
ts tively indicate a resistance at 0 frequency, a resistance 
at infinite frequency and a bioelectrical impedance value 
at frequency Fc. As to Ro and Rinf, they have only a 
resistance component because their reactance value is 
zero. At the frequency Fc, an absolute value of the re- 

40 actance component reaches its maximum, and Zc is a 
bioelectrical impedance value atthis frequency. As used 
herein, the frequency where the absolute value of the 
reactance component reaches its maximum is referred 
to as a characteristic frequency. Each body composi- 

45 tion, such as a body water, an intra-cellular water, an 
extra-cellular water, a fat-free mass and a ratio of intra- 
cellular to extra-cellular water, is derived from the above 
values or approximate values thereof. 
[0033] The swelling is considered as the condition in 

50 which too much interstitial fluid (or body water among 
the cellulartexture outside the blood vessel) is collected 
in a specific area. Alternatively it may be said that too 
much extra-cellular water is collected in view of the fact 
that the interstitial fluid is one component of the extra- 

55 cellular water. At the same time it may also be said that 
the body water is increased in view of the fact that the 
extra-cellular water is one component of the body water. 
As described earlier, however, the swelling periodically 
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occurred in the daily life is mainly caused by the effect 
of the gravity, and therefore, the swelling mainly occurs 
in an area adjacent the extreme parts of the limbs that 
are far away from the heart. Accordingly an increase in 
amount of the interstitial fluid or the extra-cellular water 
or the body water can be produced only in the part of 
the body where the swelling occurs. 
[0034] Then reference will be made to a single-fre- 
quency bioelectrical impedance measurement method 
using an AC measurement current having a single fre- 
quency. According to such single-frequency bioelectri- 
cal impedance measurement methodthe measured val- 
ue of the bioelectrical impedance can be used in the 
same manner as above to estimate an amount of body 
water between the measured parts of the body. A 
change in amount of the body water substantially de- 
pends on a change in amount of the extra-cellular water. 
Therefore capturing the change in amount of the body 
water is equivalent to capturing the change in amount 
of the extra-cellular water. As already described the 
change in amount of the interstitial fluid appears as the 
change in amount of the extra-cellular water. Then it is 
possible to keep track of the change in degree of the 
swelling even with the single-frequency bioelectrical im- 
pedance measurement method. The method of estimat- 
ing an amount of body water using an AC current of a 
single frequency is already known in the art, and there- 
fore, further description of such method is omitted here. 
[0035] Now, for the purpose of illustration, an amount 
of interstitial fluid in a certain part of the living body be- 
fore the swelling occurs is represented by "W1 ". The in- 
terstitial fluid before the swelling occurs is represented 
in the form of a cylinder having the length "L" and the 
cross sectional area "S1" as shown in Fig. 4 (a). Fur- 
thermore the resistivity of the interstitial fluid is repre- 
sented by "p". Then the resistance R1 between both 
ends of the interstitial fluid is expressed by the following 
formula: 

R1=p • L/S1 

Then it is assumed thatthe amount of the interstitial fluid 
is changed to "W2" due to the occurrence of the swell- 
ing. At this time the contour of the cylinder of the inter- 
stitial fluid is changed so that only the cross sectional 
area is changed from "S1" to "S2", but the length "L" is 
held constant, as shown in Fig. 4 (b). Then the resist- 
ance R2 between both ends of the interstitial fluid is ex- 
pressed by the following formula: 

R2=p • L/S2 

Because of the constant length "L" of the cylinder the 
amount of the interstitial fluid has proportional relation 
to the cross sectional area of the cylinder. Therefore 
"W1" and "W2" are expressed using "R1" and "R2" in 



the following manner: 

W1=k/R1 (1) 

5 

W2=k/R2 (2) 

wherein "k" is a constant. Then a change in amount of 
10 the interstitial fluid AW is expressed by the following for- 
mula: 

AW=W2-W1 

15 

Substitution of the formulae (1 ) and (2) creates the fol- 
lowing formula: 

20 AW=k/R2-k/R1 

=k-(R1-R2)/(R2.R1) 

As the result the change in amount of the interstitial fluid 

25 can be derived from the measurement of the resistance 
of the interstitial fluid. In addition, because the change 
in amount of the interstitial fluid is correlated to the 
change in amount of the extra-cellular water and the 
body water in the measured part of the body, as de- 

30 scribed earlier the change in amount of the interstitial 
fluid may be derived from the measurement of the inter- 
stitial fluid resistance and the bioelectrical impedance. 
[0036] In this manner the change in amount of the in- 
terstitial fluid is derived. However this simply indicates 

35 the quantitative change of the interstitial fluid, but does 
not indicate the degree of the swelling that has been 
caused thereby. The relation between the amount of the 
interstitial fluid and the degree of the swelling varies for 
each of persons, and can not uniformly be determined 

40 on account of different physical feature, different phys- 
ical constitution, different activity in the daily life and the 
like. 

[0037] Therefore, according to the present invention, 
a personal data for a person is derived by the measure- 
rs ment in normal living circumstances for the person over 
a certain time interval in advance, and on the basis of 
the personal data, a reference value for the person is 
derived. Then a change in amount of the interstitial fluid 
measured or a resultant data derived therefrom is com- 
50 pared to the reference value forthe person to determine 
the degree of swelling. In this manner the average data 
for the person can be used forthe reference to precisely 
determine the degree of swelling, the degree of fatigue 
and the body condition for the person. 
55 [0038] Fig. 5 is a schematic overview illustrating an 
apparatus for determining a degree of fatigue for a hu- 
man body according to one embodiment of the present 
invention. Fig. 6 is a block diagram illustrating all eSSen- 
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tial components within the apparatus in Fig. 5. The ap- 
paratus for determining the degree of fatigue for the hu- 
man body according to this embodiment comprises two 
main units: a controller box 1 and a measuring instru- 
ment 2, as shown in Fig. 5. The essential functions in 
the controller box 1 and the measuring instrument 2 will 
be described with reference to the block diagram in Fig. 
6. 

[0039] The controller box 1 comprises a micro-con- 
troller 3 including a CPU, a ROM, a RAM, a timer, an I/ 
O port and other functions. The controller box 1 further 
comprises an LCD display unit 4 for displaying personal 
parameters set by a person under test, a resultant data 
of the measurement, and a progress of the measure- 
ment steps, and a non-volatile memory 5 for storing the 
measurement control parameters and the personal pa- 
rameters. The controller box 1 additionally comprises a 
key switch 6 for entering the personal parameters and 
for selecting the personal parameters stored in the non- 
volatile memory 5, and an external input/output interface 
7 for communication with the external part. Furthermore 
a buzzer circuit 8 under the control of the micro-control- 
ler 3 is included in the controller box 1 . 
[0040] The measuring instrument 2 comprises a mi- 
cro-controller 1 0 including a CPU, a ROM , a RAM , a tim- 
er, an I/O port and other functions, and an indicator unit 
11 for indicating the progress of measurement steps and 
the like. The measuring instrument 2 further comprises 
a non-volatile memory 1 2 for storing the parameters in- 
herent for the measuring instrument used in the meas- 
urement, and a filter circuit 13 for shaping the output 
signal from the micro-controller 10 into a signal applied 
to the living body. Also included in the measuring instru- 
ment 2 is an AC current output circuit 14 for feeding the 
output signal from the filter circuit 1 3 to a person under 
test. A reference resistor 15 is connected to one of the 
output terminals of the AC current output circuit 14 for 
detecting the current to the person under test. A meas- 
urement current feeding electrode 16 is connected via 
the reference resistor 15, and another measurement 
current feeding electrode 17 is connected to another 
output terminal of the AC current output circuit 14. A dif- 
ferential amplifier 18 is included for detectingthe voltage 
difference between both terminals of the reference re- 
sistor 15. Voltage measurement electrodes 19 and 20 
are provided for detecting an electric potential between 
two points on the person under test. A differential am- 
plifier 21 is connected to the voltage measurement elec- 
trodes 1 9 and 20 for detecting the electric potential ther- 
ebetween . A weight sensor 22 is provided for detecting 
the body weight of the person undertest, and the weight 
sensor 22 is connected to an amplifier 23 for amplifying 
a signal therefrom. A switching unit 24 is operated under 
the control of the micro-controller 1 0 for selectively con- 
necting either one of the outputsf rom the differential am- 
plifiers 18, 21 and the amplifier 23. The output of the 
switching unit 24 is connected to an AID converter 25 
forconverting an analoguesignalfrom the switching unit 



24 into a digital signal which is then fed to the micro- 
controller 1 0. A battery 26 is contained in the measuring 
instrument 2 and is connected to a power supply circuit 
27. The power supply circuit 27 is operated under the 

5 control of the micro-controller 3 of the controller box 1 
and the micro-controller 1 0 of the measuring instrument 
2 for supplying an electric power to the components as 
described above within the controller box 1 and the 
measuring instrument 2. 

10 [0041] The controller box 1 and the measuring instru- 
ment 2 are connected to each other via a connection 
cable 28. The connection cable 28 consists of a plurality 
of signal lines 29 for communication and a plurality of 
power lines 30 for supplying electric power between the 

15 controller box 1 and the measuring instrument 2. 

[0042] The signal lines 29 are used for feeding control 
signals from the micro-controller 3 to the micro-control- 
ler 1 0 and the power supply circuit 27 in order to control 
the operation and the power supply of the measuring 

20 instrument 2. In addition the signal lines 29 sends the 
measurement result produced in the measuring instru- 
ment 2 to the micro-controller 3. 
[0043] Now the measuring instrument 2 will be de- 
scribed in detail. Fig. 7 is a view illustrating in more detail 

25 the display unit 1 1 of the measuring instrument 2 in Fig. 
5. As shown in Fig. 7 the display unit 11 of the measuring 
instrument 2 includes a first LED 31 , a second LED 32 
and a third LED 33 which are respectively turned ON to 
indicate the progress of the measurement process. 

30 [0044] The first LED 31 is turned ON after completion 
of the initial setting of the measuring instrument 2 in or- 
der to indicate that the measurement can be started. 
The first LED 31 is turned OFF after the measurement 
is started. The second LED 32 is turned ON as soon as 

35 the measurement is started, and is held ON during the 
time that the measurement is over and the arithmetic 
operation for the measurement result is conducted. The 
second LED 32 is turned OFF immediately before the 
arithmetic result is displayed on the controller box 1 . The 

40 third LED 33 is turned ON after the second LED 32 is 
turned OFF to indicate that the measurement and the 
arithmetic operation are finished. The third LED 33 is 
turned OFF after a fixed time period. 
[0045] Next the controller box 1 will be described in 

45 more detail. Figs. 8 and 9 show an operation and display 
section of the controller box 1 . As shown in Fig. 8 the 
controller box 1 includes an LCD display unit 4 for dis- 
playing the measurement result and the previous meas- 
urement data, and memory keys 41 , 42, 43 and 44 for 

50 setting the personal data and for retrieving and correct- 
ing the data. The controller box 1 further includes a 
weight measurement key 45 for conducting the weight 
measurement rather than the measurement of the de- 
gree of swelling, and a graphic display key 46 forturning 

55 ON and OFF the display of the previous personal data. 
In addition a graph selection key 47 for switching be- 
tween three types of graphs produced in the present ap- 
paratus, and a data selection key 48 for selecting the 



6 



11 



EP 1 114 610 A1 



12 



numerical data in the graph displayed for representation 
thereof are provided in the controller box 1 . Fig. 9 is an 
enlarged view showing the principal elements of the 
LCD display unit 4. 

[0046] Now, procedure of measuring operations, re- 
trieval of graphic functions, setting of the personal data 
as the reference, and calculation of the degree of swell- 
ing will be described hereafter. At first the procedure of 
measuring operations in normal measuring process will 
be described with reference to a flow chart of Fig. 1 0. It 
is assumed, here, that all the personal data representing 
the personal reference required for arithmetic operation 
has been set. Although the detailed description will be 
made latter, it is suffice to say, here, that the personal 
data is set by an average value "Zam" for bioelectrical 
impedance as measured in every morning over a certain 
time interval and an average time "Tarn" for measure- 
ment time instances at which the measurements are 
made; as well as an average value "Zpm" for bioelectri- 
cal impedance as measured in every evening or night 
over the same interval and an average time "Tpm" for 
measurement time instances at which the measure- 
ments are made. 

[0047] Initially upon depressing either one of the 
memory keys 41 , 42, 43, 44 and the weight measure- 
ment key 45 the procedure enters an operation mode 
from await mode. At first a check is made to see whether 
the key depressed is the weight measurement key 45 
or not (step S1). If so, the apparatus is operated as the 
weight meter, and after completion of internal initial set- 
ting, the first LED 31 of the display unit 1 1 on the meas- 
uring instrument is turned ON to indicate that the meas- 
urement can be started (step S2). When the person un- 
der test mounts on the measuring instrument 2 the first 
LED 31 is turned OFF, but the second LED 32 is turned 
ON to indicate that the measurement is now performed. 
When the weight sensor 22 detects the body weight the 
signal is fedto and amplified by theamplifier23, of which 
output signal is then fed to the switching unit 24. Then 
the signal is fed to the A/D converter 25 that converts it 
into the digital signal, which signal is fed to the micro- 
controller 1 0. Then the micro-controller 1 0 performs the 
arithmetic operation to produce the weight value (step 
S3). After completion of the measurement the second 
LED 32 is turned OFF, but the third LED 33 is turned ON 
to indicate that the measurement is finished. At the 
same time the measurement result is displayed on the 
LCD display unit4 (step S4), and after waiting for a fixed 
time period (step S5), the third LED 33 is turned OFF. 
Then the measurement data on the LCD display unit 4 
is erased and the procedure enters a wait mode (step 
S6). 

[0048] If the key depressed is not the weight meas- 
urement key 45 in step S1 then a check is made to see 
whether the key depressed is either one of the memory 
keys 41 , 42, 43 and 44 (step S7). If none of the memory 
keys is depressed the procedure does not enter an op- 
eration mode, but enters a wait mode (step S8). 



[0049] If either one of the memory keys 41 , 42, 43 and 
44 is depressed the subsequent operation of the appa- 
ratus depends on the time instance when it is de- 
pressed. The operation of the apparatus will be de- 
5 scribed hereafter for two cases: one is that the key is 
depressed in the morning, and the other is that the key 
is depressed in the evening. 

1. Measurement operation in the morning: 

10 

[0050] If either one of the memory keys 41 , 42, 43 and 
44 is depressed in step S7 the data corresponding to 
the key number of the memory key depressed is read 
from the non-volatile memory 5 (step S9). In addition the 

15 time data when the key is depressed is read from the 
timer in the micro-controller 3 (step S1 0). The time data 
from the timer is compared to a measurement-time-ref- 
erence for determining whether the measurement is go- 
ing to perform in the morning, in the evening or in the 

20 night. In step S11 a check is made to see whether it is 
the measurement in the morning or not. Then the weight 
value as measured in the morning last time and the 
memory key number are displayed, and the previous da- 
ta of the degree of swelling in the morning as calculated 

25 from the previous data in the morning stored in the non- 
volatile memory 5 is graphically displayed (step S12). 
Thereafter the measuring apparatus is initialized (step 
S13). After the initialization is completed and the meas- 
urement operation is ready the first LED 31 is turned ON 

30 to indicate that the measurement may be started. When 
the person under test mounts on the measuring instru- 
ment 2 the first LED 31 is turned OFF, but the second 
LED 32 is turned ON to indicate that the measurement 
is now performed. When the weight sensor 22 detects 

35 the body weight of the person the signal is fed to and 
amplified by the amplifier 23, of which output signal is 
then fed to the switching unit 24. Then the signal is fed 
to the A/D converter 25 that converts it into the digital 
signal, which signal is fed to the micro-controller 10. 

40 Then the micro-controller 1 0 performs the arithmetic op- 
eration to produce the weight value (step S14). This 
weight value is then displayed on the LCD display unit 
4 (step S1 5). Next the measurement of bioelectrical im- 
pedance is performed (step S16). The arithmetic oper- 
as ation is carried out using the personal data as the refer- 
ence. The measurement of bioelectrical impedance will 
be described latter. After completion of a sequence of 
measurement steps the second LED 32 is turned OFF 
but the third LED 33 is turned ON to indicate that the 

50 measurement is finished. At this point a check is made 
again to see whether it is the measurement in the morn- 
ing or not (step S17). If so, the arithmetic operation is 
carried out to calculate the degree of swelling in the 
morning (step S1 8). The degree of swelling in the morn- 

55 jng thus calculated is displayed on a numerical display 
area of the LCD display unit 4, together with the degree 
of swelling in the morning derived last time and stored 
in the non-volatile memory 5 (step S1 9). Then the graph 
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as updated using the data at that time is displayed on a 
graphic area of the LCD display unit 4 (step S20), and 
the measurement result at that time and the correspond- 
ing measurement time are stored in the non-volatile 
memory 5 (step S21). If required the measurement re- 
sult is output via the external input/output interface 7 
(step S22), and after waiting for a fixed time period, the 
third LED 33 is turned OFF and the data on the LCD 
display unit 4 is erased (step S23). Then the procedure 
enters a waiting mode (step S24). 

2. Measuring operation in the evening or night: 

[0051 ] If either one of the memory keys 41 , 42, 43 and 
44 is depressed in step S7 the data corresponding to 
the key number of the memory key depressed is read 
from the non-volatile memory 5 (step S9). In addition the 
time data when the key is depressed is read from the 
timer in the micro-controller 3 (step S1 0) . The time data 
from the timer is compared to the measurement-time- 
reference for determining whether the measurement is 
going to perform in the morning, in the evening or in the 
night. In step S11 a check is made to determine that the 
measurement is going to perform in the evening or in 
the night. Then the weight value as measured in the 
evening or night last time and the corresponding mem- 
ory key number is displayed. In addition, the degree of 
swelling in a day as calculated from the previous data 
in the morning and in the evening or night stored in the 
non-volatile memory 5 is graphically displayed (step 
S25). Thereafter the measuring apparatus is initialized 
(step S13). After the initialization is completed and the 
measurement operation is ready the first LED 31 is 
turned ON to indicate that the measurement may be 
started. When the person under test mounts on the 
measuring instrument 2 the first LED 31 is turned OFF, 
but the second LED 32 is turned ON to indicate that the 
measurement is now performed. When the weight sen- 
sor 22 detects the body weight of the person the signal 
is fed to and amplified by the amplifier 23, of which out- 
put signal is then fed to the switching unit 24. Then the 
signal is fed to the A/D converter 25 that converts it into 
the digital signal, which signal is fed to the micro-con- 
troller 10. Then the micro-controller 10 performs the 
arithmetic operation to produce the weight value (step 
S14). This weight value is then displayed on the LCD 
display unit 4 (step S1 5). Next the measurement of bio- 
electrical impedance is performed (step S1 6). The arith- 
metic operation is carried out using the personal data 
as the reference. After completion of a sequence of 
measurement steps the second LED 32 is turned OFF, 
but the third LED 33 is turned ON to indicate that the 
measurement is finished. At this point a check is made 
again to see whether it is the measurement in the morn- 
ing or not (step S17). Because of the measurement in 
the evening or night at this time, the arithmetic operation 
is performed to calculate the degree of swelling in a day 
(step S26). Then the degree of swelling in a day thus 



calculated andthe degree of swelling in the morning pre- 
viously measured are displayed as the measurement re- 
sult on the numerical area of the LCD display unit 4 (step 
S27). In addition the graph as updated using the current 
5 data is displayed on the graphic area of the LCD display 
unit 4 (step S28), and the measurement result currently 
obtained and the corresponding measurement time are 
stored in the non-volatile memory 5 (step S21). If re- 
quired the measurement result is output via the external 
input/output interface 7 (step S22), and after waiting for 
a fixed time period, the third LED 33 is turned OFF and 
the data on the LCD display unit 4 is erased (step S23). 
Then the procedure enters a waiting mode (step S24). 
[0052] Now the multi-frequency bioelectrical imped- 
ance measurement method using an AC current having 
a plurality of frequencies will be described. 
[0053] The multi-frequency bioelectrical impedance 
measurement is performed in such manner that the 
measurement is repeated "n" times at the frequency Fi 
wherein "n" can arbitrarily be set and the frequency Fi 
begins at "i"=1. For the initial setting for the measure- 
ment at the first frequency the value of "i" is set to 1 (step 
S31). Depending on the value of "i" the frequency Fi is 
set (step S32). On the basis of the measurement control 
parameters preliminary stored in the ROM of the micro- 
controller 3 or those stored in the RAM via the external 
input/output interface 7, the micro-controller 1 0 sets the 
frequency of the output signal which is then fed to the 
current output circuit 14. The current output circuit 14 
consists of a constant current output circuit that can set 
the current value. Therefore the output current is set de- 
pending on the measurement control parameters and 
then it is applied to the person under test via the meas- 
urement current supplying electrodes 16 and 17. 
[0054] Then the electric current applied to the person 
is detected through the reference resistor 1 5 and the de- 
tected signal in analogue form is fed to the A/D converter 
25 that converts it into digital signal which is then stored 
in the RAM of the micro-controller 1 0. At the same time 
an electric potential is detected between the electric po- 
tential measurement electrodes 19 and 20 attached to 
the person and it is fed to the differential amplifier circuit 
21. The differential amplifier circuit 21 outputs the po- 
tential difference signal that is the difference between 
the electric potential signals fed thereto to the A/D con- 
verter 25. The A/D converter25 converts such input sig- 
nal in analogueform into the signal in digital form, which 
means that the bioelectrical impedance has been meas- 
ured (step S33). Then the measurement result is stored 
in the RAM (step S34). 

[0055] After completion of the impedance measure- 
ment at the first frequency the value of "i" is set to "i+1 " 
(step S35) and a check is made to see whether the pre- 
determined number of times for the measurement is 
reached (step S36). If the value of "i" exceeds the pre- 
determined number of times "n" the impedance meas- 
urement goes to end. but if not, the procedure returns 
to step S32 so that the impedance measurement is re- 
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peated at the next frequency. 

[0056] Thereafter the impedance locus and the corre- 
sponding parameter are calculated based on the meas- 
ured value of bioelectrical impedance. From the reason 
as described earlier the electrical impedance of the liv- 
ing body is such that its vector impedance locus does 
not show a half circle, but shows a circular arc given in 
the Cole-Cole model. Thus, the electrical impedance of 
the living body is generally represented by a circular arc- 
like locus shown in Fig. 2. According to an assumption 
that the vector impedance locus derived is a circular arc, 
the bioelectrical impedance values Z1 , 72.,... Zn meas- 
ured respectively at the frequencies "Fi" (i=1 to n) are 
on a circular arc of a certain circle as shown in Fig. 3. 
Herein, a real axis (axis of abscissa) and an imaginary 
axis (axis of ordinate) of the vector impedance plane are 
referred to as an X-axis and a Y-axis respectively. There- 
fore, from the points "Zi" (i=1 to n) on the coordinate, the 
following correlation function is derived: 

(X - a) 2 + (Y - b) 2 = r 2 

where "a" is X coordinate of the center of the circle, "b" 
is Y coordinate of the center of the circle, and "r" is a 
radius of the circle. In other words this function is an 
approximated correlation function between "n" points. 
Thus the following formula is derived: 

X=a± V(r 2 -b 2 ) 
wherein, since Ro > Rinf, 

Ro = a + V(r 2 - b 2 ) 

Rinf = a- V(r 2 - b 2 ) 

[0057] Accordingly, Re and Ri of the equivalent circuit 
of Fig. 1 are expressed as follows: 

Re = Ro 



Ri = Ro • Rinf / (R 0 - Rinf) 

[0058] The impedance vector Zc at the characteristic 
frequency Fc is defined as a point where the reactance 
or the imaginary axis component, that is, the absolute 
value of Y-axis component, reaches the maximum val- 
ue. Therefore, X coordinate as a real axis component 
and Y coordinate as an imaginary axis component of the 
impedance vector Zc are determined as: 



X = a ; Y=b-r 
and thereby the impedance vector Zc is represented as: 

5 

Zc =a + j(b - r) 

[0059] According to Cole-Cole model as described 
10 earlier the impedance vector at a frequency <o is repre- 
sented as: 

Z(oo) = Rinf + (Ro - Rinf) / (1 + (ja> t) P ) 

15 

where Z(co) is the impedance vector at <g, and % and (3 

are constants. 

[0060] When x = 1 / coc, 

Z(co) = Rinf + (Ro - Rinf)/(1+(jco/coc) p ) 
where coc=2tiFc. 

[0061] Fc and (3 can be calculated also based on 
25 these relations and a data on the circle (step S37). 
[0062] Then, based on the vector impedance locus 
and the associated parameters thus calculated, such as 
Ro, Rinf, Re, Ri, Zc and Fc, the amount of extra-cellular 
water (ECW), the amount of the intra-cellular water 
30 (ICW), a ratio of the intra-cellular to extra-cellular water 
and the total body water (TBW) are calculated (step 
S38). 

[0063] Now the graphic display function will be de- 
scribed with reference to Figs. 8,11 (a), 1 1 (b) and 1 1 (c). 
35 Figs. 11(a), 11(b) and 11(c) show what is displayed on 
the LCD display unit 4. by way of an example. The 
graphic display function starts by depressing the graphic 
display key 46. Even when the apparatus is in waiting 
mode depressing the graphic display key 46 puts the 
40 apparatus into operation mode to start the graphic dis- 
play function. However during the time the apparatus is 
in the course of measurement process, the graphic dis- 
play function can not be activated. The operation of the 
apparatus after the graphic display function is started is 
45 hereafter referred to as "graphic mode" of operation. 
[0064] In the graphic mode when either one of the 
memory number keys 41 , 42, 43 and 44 is depressed 
the data corresponding to the memory number key de- 
pressed is read out from the non-volatile memory 5. 
so processed and displayed. The graph showing the de- 
gree of swelling is displayed on the lower portion of the 
LCD display unit 4 and the numerical data selected is 
displayed on the upper portion of the LCD display. 
[0065] Figs. 11(a), 11(b) and 11(c) show the LCD dis- 
ss play unit 4 on which the data stored in the memory No. 
1 is displayed, by way of an example. In particular, re- 
ferring to Fig. 11 (a), the LCD display unit graphically 
represents the data for the morning. In Fig. 11 (b) the 
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LCD display unit graphically represents the data for a 
whole day. In Fig. 11 (c) the LCD display unit graphically 
represents the sum of both data. 
[0066] Referring to Fig. 11 (a), a change in degree of 
swelling in the morning calculated using the personal 
data as the reference is represented. More particularly 
the degree of swelling of +0.2% relative to the reference 
in the yesterday morning has been changed to 0.0% in 
this morning. 

[0067] Referring to Fig. 11 (b), a change in degree of 
swelling for a whole day from the morningto the evening 
is represented. In particular the degree of swelling of 
0.0% in the morning has been changed to +1 .2% after 
completion of the activity in that day. 
[0068] Referring to Fig. 11 (c), a total change in de- 
gree of swelling produced by a sum of the degree of 
swelling for the morning and that for a while day is rep- 
resented. In particularthe degree of swelling was +1 .2% 
relative to the reference for the previous day and it is 
also +1 .2% for that day. 

[0069] Depressing the graph selection key 47 in suc- 
cession switches the data display formats (a), (b) and 
(c) in turn so that one of them appears on the LCD dis- 
play. In addition depressing the data selection key 48 
moves the position of a triangle mark provided under the 
graph and at the same time the numerical data corre- 
sponding to that position of the triangle mark is dis- 
played in the upper portion of the LCD display. Depress- 
ing the graph display key 46 once again terminates the 
graph mode of operation. 

[0070] Now the personal data serving as the refer- 
ence will be described. In the embodiment as disclosed 
herein there are two types of setting mode for setting 
the personal data serving as the reference (hereafter re- 
ferred to as "reference data"). One of them is a "fixed 
setting mode" in which the reference data, once set on 
the basis of the data over a certain time interval, is con- 
tinuously used until the time it is to be re-set. The other 
is an "automatic setting mode" in which the reference 
data is automatically updated based on the previous da- 
ta for a certain time interval. 

[0071 ] Switching between those setting modes is per- 
formed by depressing one of the memory keys 41 , 42, 
43 and 44 for more than a certain period of time. Then 
it becomes possible to switch the setting mode in corre- 
spondence to the memory key depressed so that not 
only switching between the fixed mode and the automat- 
ic mode, but also erasing of personal measurement data 
can be done. In association therewith the LCD display 
unit 4 displays a triangle mark at upper left position 
thereof that indicates the current setting mode of "fixed" 
or "automatic". At the same time the memory number 
and the graph are displayed on the LCD display unit 4. 
Then depressing the graph display key 46 that also acts 
as the fixed/automatic mode switch key functions to 
switch between the fixed mode and the automatic mode. 
In similar manner depressing the data selection key 48 
that also acts as the data erase key functions to erase 



the previous measurement data. Finally depressing the 
memory key 41 , 42, 43 or 44 once again terminates the 
mode switching operation. 

[0072] In the embodiment disclosed herein the time 
5 interval during which the reference data is set is preset 
to five days and each of the setting modes will be de- 
scribed in more detail. 

1 . Fixed setting mode: 

10 

[0073] In this mode the measurement data acquired 
for the time interval of five days is used to calculate the 
reference data which is then kept fixed until the time it 
is to be re-set. The time interval of five days means that 

15 the non-volatile memory 5 stores the measurement data 
for five days. In particular when the apparatus of the 
present invention is put into operation for the first time 
it enters the fixed setting mode. Due to the fact that the 
non-volatile memory 5 has no data stored therein the 

20 time interval for acquiring the measurement data re- 
quired for calculation of the reference data corresponds 
to the preset time interval of five days. Therefore, in the 
measurement operation for a first day, because of no 
data stored, the graph display is not activated. But the 

25 measurement data acquired each time is averaged and 
stored in the non-volatile memory 5 as the reference da- 
ta. 

[0074] If the mode switching operation as described 
above is used to switch to the fixed setting mode the 

30 operation of the apparatus varies depending on how 
much measurement data the non-volatile memory 5 has 
stored. If the non-volatile memory 5 stores the measure- 
ment data more than that for five days the reference data 
is calculated based on the measurement data for five 

35 days. However, if the non-volatile memory 5 stores only 
the measurement data less than that for four days, for 
instance, a temporary reference data is produced using 
that measurement data. After the measurement data for 
five days has been acquired the reference data is cal- 

40 culated based on such measurement data. 

2. Automatic setting mode: 

[0075] In this mode the reference data is automatical- 
45 |y calculated and updated always using the latest meas- 
urement data for five days. If there is only the measure- 
ment data less than that for four days, for instance, a 
temporary reference data is produced. After the meas- 
urement data for five days has been acquired the refer- 
50 ence data is calculated based on such measurement 
data. 

[0076] Now the calculation of the degree of swelling 
will be described in more detail. The calculation of the 
degree of swelling is performed based on the personal 
55 data or the reference data as described above. The ref- 
erence data used for calculation of the degree of swell- 
ing is set on the basis of the bioelectrical impedance as 
measured in each day's morning and the measurement 
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time instance therefor; as well as the bioelectrical im- 
pedance as measured in each day's evening or night 
and the measurement time instance therefor. 
[0077] In this embodiment the time interval during 
which the reference data is set is preset to five days, 
and the description of setting of the reference data will 
be made hereafter. 

[0078] Initially an average value "Zam" for the bioe- 
lectrical impedance data as measured in each day's 
morning and an average time "Tarn" for the measure- 
ment time instances at which the impedance measure- 
ments are made are calculated. In similar manner an 
average value "Zpm" forthe bioelectrical impedance da- 
ta as measured in each day's evening or night and an 
average time "Tpm" for the measurement time instanc- 
es at which the impedance measurements are made are 
calculated. 

Zam = ZZai/5 (i=1, 2,... 5) 



Zpm = EZpi/5 (i=1, 2,... 5) 



Tarn = ZTai/5 (i=1, 2,...5) 



Tpm = XTpi/5 (i=1, 2,... 5) 

Wherein "Zai" is a bioelectrical impedance value as 
measured in the morning of "i"th day; and "Tai" is a 
measurement time instance at which the impedance 
measurement is made. Similarly "Zpi" is a bioelectrical 
impedance value as measured in the evening or night 
of "i"th day; and "Tpi" is a measurement time instance 
at which the impedance measurement is made. 
[0079] Then the difference "Zap" between the aver- 
ages "Zam" and "Zpm" for the bioelectrical impedance 
values for the morning and for the evening or night is 
calculated. 

Zap = Zam - Zpm 

The difference "Zap" represents an average for a 
change in amount of interstitial fluid for a whole day for 
a person under test. Therefore comparison of this value 
"Zap" with the actual measurement data in every day 
makes possible to determine whether the change in 
amount of interstitial fluid is greater or lesser relative to 
the normal condition forthe person. In other words the 
degree of welling for the person can be determined. 
[0080] According to this embodiment the reference 
data is set by the difference "Zap" between the averages 
"Zam" and "Zpm" forthe bioelectrical impedance values 
for the morning and for the evening or night; and the 
average time "Tarn" and "Tpm" for the measurement 



time instances at which the measurements are made. 
[0081] Based on such reference data, the degree of 
swelling is calculated from the bioelectrical impedance 
values as measured in the morning and in the evening 
5 or night in the following manner: 

[0082] Assuming that the bioelectrical impedance val- 
ue as measured in the morning is "Z1 ", then the degree 
of swelling in the morning "M 1 " is expressed by the fol- 
lowing formula: 

10 

M1=(Z1-Zam)/Zap 

This determines whether the degree of swelling as 
15 measured in the morning is higher or lower as compared 
to the reference. If "M1 " has a positive value the degree 
of swelling is higherthanthe reference. However if it has 
a negative value the degree of swelling is lower than the 
reference. 

20 [0083] Assuming that the bioelectrical impedance val- 
ue as measured in the evening or night is "Z2", then the 
difference A Z between it and the impedance value in 
the morning "Z1" is calculated. 

25 

AZ=Z1-Z2 

This AZ represents a change in amount of interstitial flu- 
id between those in the morning and in the evening or 
30 night, that is, the swelling for a whole day. Thus the de- 
gree of swelling for a whole day "M2" is expressed by 
the following formula: 

35 M2=(AZ-Zap)/Zap 

If "M2" has a positive value the degree of swelling is 
higher than the reference. However if it has a negative 
value the degree of swelling is lower than the reference. 

40 [0084] In such manner the calculation of the degree 
of swelling according to the embodiment is performed 
on the basis of an averaged value forthe swelling in the 
normal life that is used as the reference. 
[0085] The data "Tarn" and "Tpm" are used for deter- 

45 mining whether the measurement is performed in the 
morning or in the evening or night by comparing such 
data with the time instance at which the person performs 
the measurement. 

[0086] Now reference will be made to another embod- 
50 iment of the present invention in which a temporal swell- 
ing occurred on a person is measured. This applies to 
such case that when the person feels a fatigue the per- 
son massages his own lower limbs or takes a bath to 
relieve the fatigue. By performing the measurement be- 
55 fore and aftersuch massaging ortaking a bath, it is pos- 
sible to determine whether the fatigue is relieved or not 
by comparing the degree of swelling before and after 
such action. 
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[0087] Description of this second embodiment will be 
made with reference to a flow chart in Fig. 13. The ex- 
ternal overview and the internal components of the sec- 
ond embodiment are same as those in Figs. 5 and 6, 
respectively. 

[0088] After a waiting condition, a check is made to 
see whether any one of the memory keys 41 , 42, 43 and 
44 is depressed (step S51). If not, the procedure does 
not enter an operation mode, but keeps in the waiting 
condition (step S52). 

[0089] However if any one of the memory keys 41 , 42, 
43 and 44 is depressed in step S51 the measurement 
of the bioelectrical impedance is performed (step S53). 
Then a check is made to see whether the data corre- 
sponding the key number of the memory key depressed 
is stored in the non-volatile memory 5 (step S54). If such 
data is not stored in the memory 5, then the measured 
value of bioelectrical impedance is taken as the refer- 
ence (step S55) and the procedure enters the waiting 
mode (step S56). In general the reference value is set 
before an action such as massaging or taking a bath is 
performed. The subroutine for measuring the bioelectri- 
cal impedance is same as that shown in Fig. 1 0. 
[0090] If the reference data is already stored in the 
memory in step S54 then it is compared with the meas- 
ured value of the bioelectrical impedance to determine 
a change in degree of swelling before and after the ac- 
tion (step S57). In such determination, assuming that 
the reference value of impedance before the action is 
"Zp" and the impedance after the action is "Zn", the de- 
gree of swelling at that time "Mn" is expressed by the 
following formula: 

Mn=(Zn-Zp)/Zp 

This determines whether the degree of swelling afterthe 
action is higher or lower than that before the action. If 
"Mn" has a positive value it means that the degree of 
swelling after the action is higher than that before the 
action. But, if it has a negative value, the degree of swell- 
ing has been reduced afterthe action. 
[0091] Then the degree of swelling as calculated is 
displayed (step S58), the reference value set before the 
action for use in the determination is erased (step S59), 
and the procedure enters the waiting mode (step S60). 
[0092] According to the second embodiment as 
above a change in degree of swelling before and after 
the action such as massaging or taking a bath can be 
captured so that the person can see the effectiveness 
for massaging or taking a bath. 

[0093] In the first embodiment as described earlier the 
description has been made as using the averaged 
change in amount of interstitial fluid as the reference da- 
ta. However more simple case may be possible wherein 
the measurement of the bioelectrical impedance for the 
person under test is repeated several times in every 
morning and night in the normal life, and the average 



values thereof are stored as the reference. Then the 
presence of swelling can be determined simply by com- 
paring the measured value of bioelectrical impedance 
with that reference. Alternatively the reference data may 
5 be set by the bioelectrical impedance measured only in 
the previous day, rather than by those measured over a 
several days. In such case the degree of swelling may 
be determined simply by comparing with the data in the 
previous day. 

[0094] The method of calculating the degree of swell- 
ing for the person through the measurement of bioelec- 
trical impedance has been described in the first embod- 
iment as above. As described earlier, provided that the 
change in amount of interstitial fluid, extra-cellularwater 
and body water in a part of the person under test can 
be obtained, the bioelectrical impedance measuring 
method may use either of a single frequency and multi- 
ple frequencies. In addition the numerical parameter 
used for the calculation may be any one of bioelectrical 
impedance, ratio of intra-cellular/extra-cellular water 
and other parameters as derived from the bioelectrical 
impedance. 

[0095] The configuration of the electrodes wherein 
two pairs of electrodes of the apparatus are configured 
to contact with both soles of the person under test has 
been described in the first embodiment as above. How- 
ever the present invention is not limited to such config- 
uration of the electrodes and any other electrode con- 
figuration may be applied if it can measure the bioelec- 
trical impedance on the lower limbs. Fig. 12 shows an- 
other electrode configuration in which two pairs of elec- 
trodes 31 , 32 and 33, 34 are made directly contact with 
a calf of one leg. According to such electrode configu- 
ration the bioelectrical impedance can be measured 
substantially on the calf wherethe swelling is most likely 
be appeared. This enables reduction of any error factor 
as compared to other configuration , and therefore, more 
precise determination of the swelling becomes possible. 
In addition if the impedance including that for a foot is 
known it is possible to seethe degree of swelling. There- 
fore the present invention is applicable to the case 
where the bioelectrical impedance between limbs or 
hands and legs is measured. 

[0096] It is apparent from the foregoing that an appa- 
ratus for determining a degree of fatigue of a human 
body is operated to detect and store the degree of swell- 
ing as the measure of fatigue of the body through a bio- 
electrical impedance measurement method. Then the 
apparatus calculates a reference data used for deter- 
mining the degree of swelling for the person on the basis 
of the stored data of the degree of swelling, and com- 
pares the current data of the degree of swelling with 
such reference to determine the degree of fatigue. 
Therefore it becomes possible to more precisely and ob- 
jectively determine the degree of fatigue of the body ac- 
cording to the personal characteristic of each of the per- 
sons under test. 

[0097] In addition it is possible to estimate a change 



15 



20 



25 



30 



35 



40 



45 



50 



12 



23 



EP 1 114 610 A1 



24 



in body condition and an accumulation of fatigue of the 
person based on the previous data for the degree of 
swelling. 

[0098] When a multi-frequency AC current is used for 
the measurement current the degree of swelling can be 
determined on the basis of a ratio of intra-cellular/extra- 
cellular water. Thus it becomes possible to make the 
measurement independent of a change in bioelectrical 
impedance due to the body temperature. 
[0099] Alternatively when a single-frequency AC cur- 
rent is used for the measurement current the apparatus 
can be realized with more simple circuit configuration, 
and shortening of measurement time can be attained. 



Claims 

1 . An apparatus for determining a degree of fatigue of 
a human body, comprising: 

two pairs of electrodes (16, 17, 19, 20), 

an electric current source (14); 

a voltage measuring unit (21); 

an arithmetic unit (3, 10); 

a storage unit (5); and 

a display unit (4), 

whereby said two pairs of electrodes 
(16,17,19,20) are configured to contact with a 
body of a person under test; 
said electric current source (1 4) feeds a meas- 
urement current via selected ones (16,17) of 
said electrodes; 

said voltage measuring unit (21) measures a 
voltage between another selected ones (17, 
20) of said electrodes; 

said storage unit (5) stores a bioelectrical im- 
pedance calculated by said arithmetic unit 
(3,10) and a reference value; 
said arithmetic unit (3,10) calculates the bioe- 
lectrical impedance based on the measure- 
ment value from said voltage measuring unit 
and a degree of fatigue of the person under test 
by comparing the currently measured value of 
the bioelectrical impedance with the reference 
value of the bioelectrical impedance stored in 
the storage unit; and 

said display unit (4) in dicates the degree of fa- 
tigue of the person under test. 

2. An apparatus for determining a degree of fatigue 
according to Claim 1 in which said display unit (4) 
graphically indicates the transition of change in de- 
gree of fatigue. 

3. An apparatus for determining a degree of fatigue 
according to Claim 2 in which the graph displayed 
on said display unit (4) represents the transition of 
change in degree of fatigue on the basis of the bio- 



electrical impedance as measured in the morning. 

4. An apparatus for determining a degree of fatigue 
according to Claim 2 in which the graph displayed 
5 on said display unit (4) represents the transition of 

change in degree of fatigue on the basis of the bio- 
electrical impedance as measured in the evening or 
night. 

10 5. An apparatus for determining a degree of fatigue 
according to Claim 1 in which said reference value 
of bioelectrical impedance is set before a certain ac- 
tion is carried out by a person under test, and said 
display unit (4) indicates the degree of fatigue be- 

15 fore and aftersuch action by comparing the current- 
ly measured value of the bioelectrical impedance 
with the reference value of the bioelectrical imped- 
ance stored in the storage unit. 

20 6. An apparatus for determining a degree of fatigue 
according to one of the preceding claims, wherein 
the determination of the degree of fatigue is based 
on the swelling of a human body. 

25 7. An apparatus for determining a degree of fatigue of 
according to one of Claims 1 to 6 in which said ref- 
erence value of the bioelectrical impedance repre- 
sents an average change in amount of interstitial 
fluid that is the difference between average values 

30 for a plurality of measurements in every morning 
and in every night. 

8. An apparatus for determining a degree of fatigue 
according to Claim 7 in which said average change 

35 in amount of interstitial fluid is updated every time 
when the bioelectrical impedance is measured. 

9. An apparatus for determining a degree of fatigue 
according to one of Claims 1 to 8 in which said elec- 

40 trie current source selectively feeds the measure- 
ment current having a plurality of frequencies. 

10. An apparatus for determining a degree of fatigue 
according to one of Claims 1 to 8 in which said elec- 
ts trie current source feeds the measurement current 

having a single frequency. 

11. An apparatus for determining a degree of fatigue 
according to one of Claims 1 to 1 0 in which said two 

50 pairs of electrodes are configured to contact with 
both soles of the person under test. 

12. An apparatus for determining a degree of fatigue 
according to one of Claims 1 to 1 0 in which said two 

55 pairs of electrodes are configured to contact with a 
calf of the person under test. 
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FIG. 5 
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